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ABSTRACT : 

PURPOSE: To prevent occurrence of an error in measurement of a 
film 

thickness and to enable execution of highly precise measurement by 
measuring 

unevenness or a curve of a wafer and by correcting nonunif ormity of 
an incident 

angle caused by the unevenness or the curve. 

CONSTITUTION: When a height of the surface of a wafer 6 is 
measured, a 

polarizer 2, a 1/4 wave plate 3 and an analyzer 4 provided on the 
optical axis 

of an ellipsometer are made to escape from this optical axis, a wafe 
stage 7 

is moved up and down so that the reflection intensity of an incident 
light from 

a light source 1 be maximum, and the height of the wafer at that 
point is 
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measured. Then, the stage 7 is tilted by a corrective angle (d) 
determined by 

tan (d)=a/b by using a difference (a) between the heights of two 
points in the 

vicinity of the measuring point and a distance (b) between the planes 
of the 

two points, so that an angle of incidence on a sample from the light 
source 1 

be calibrated. In a state wherein this angle of incidence is fixed 
at any 

measuring point, a film thickness at a prescribed measuring point is 
measured 

by the ellipsometer . 

COPYRIGHT : (C) 1993 , JPO&Japio 



4/12/05, EAST Version: 2.0.1.4 



(19)B*BfS§Wr (J P) (12) ^ H ij^ |^ ^ ^ (A) (H)*JiMiHfi§l#^ 

#§§^5-280937 

(43)&HB ¥f£ 5 ^(1993)10^29 B 



(sointa- mm% fmmm.^ f i i$»3fc*BFf 

G 0 1 B 11/08 Z 7G25-2F 



&isf$ snusok i (£ 5 jd 



(2l)tb85#^ 


1$S74-81833 


(7DH181A 


000005049 










(22)tDBB 


¥#4^(1992)4.1! 3 B 




^S«^im^9S@lilRl22«22^ 






(72)fH9# 


jut m. 






















(74)f<3ttA 





(54) Rjwae&ife 



(ct) 




(2) 



#S¥5-280937 



*0j^^5&5iS802£0^3<^afcJ;tfc: 
<02jSt<VF»0ffiKb^^-C. TW. (A) StiO 
*tf>fc«DEft&a fc'tt-kMXx- i?Z1fflZit& Z 1 1 

tana=a/b"- (A) 

[f^oiBffiGrSBJi] 20 
[0001] 

[0002] 

mmmnRSt^tmx^ft-ti,. znjS&mmLtxo 
immmxbh. -r*h*>. z<?mmm?m& 

[ooo3] xury^-^tt. zomffim&zm 30 

•f«.fc*>tf>§S5rc*S. @5Utf£3|^fcJBV^*i£3SS 
Offij£0Tj>S. ftS51tf>tt«Li:C* *y*h58. 
*fs*>t7<K BKII£?5 2, l/4«g«53. 
■W*fl£f«&<>x'\6 1 fcaSJ-i^xAXx-i/' 
5 7OTMr6*U £tf>«>x;\6 1 £RStLfcR8ftfctf»t 

360 

5= d (n s -sin»0) 



[0004] Z(Va&££l8&0XX.W7yjt~-fX' 
tt. *-f . 3fc»5 1 tft>0)XO v h 5 8£2BSU:3E 
tt. Jfr9^7 0£J:-!}SM3*u HHafcfc?5 2$ 
£>fcl/4»£lS5 3£iiaLfc3ftiE8®ftfc:$25 
0, ">xA6lfcAltSfl&. .roD^x^ lfcAWL 
fc*0DK»3iai. ®&W£?54TW£Ztl&. Z<V?t 
\i.7*Y~?tV+7*74 J r5 5X"Z.Vhb%. 

2 fcleHsfc*? 5 4 Z<7)%m£iimi 

5 0fc*<O8Jg#!»Laj$*U.. 
[0005] fcLb^18j£iiJ:tf!g«t ± 9. ">xA61 



#) <9«l<e*t?>R8«Srp 
(2) sSfc^-ridt^ri. 
[0006] 

[SI] 

ri»+ r» D 'e 

r P 



r. li. (1) sSfcitf 



1+r,, 



r 2P e 



- w 



n.+ r».e 



1 + ri. • r 2 . e 



18 



'(0 



(2) 



ri : 

zzx. m&8n. ntmmb'thb* o) #c* 

tt>tl&. 4fc % RStt&SJt ( r P /r, ) UL (4) 5* 

[0007] 
[82] 



(3) 



[0008] 
[83] 

r P /r« = t a n 0 e u ••••(4) 

mizmm&k-fhKtb. mmmmnamb lx 
tiztiPo , ao b-rtus. a) iSX'vkiiamfema 

[0009] 



X [84] 



n 



0 = A, 



+ 2P (5) 



(6) 



[0010] 

«5o a. 4^«c«*esjsfctx»f. ^t^v^iHkisj-a^r 



3 

&<jb»6*ix»«(>«m>. lag 

[0011] ^*U±. ^ffcJf^x'vaAStfttffcttff 

•cj> •> » ^x^vopndv^v u tck i 

[0012] 

[IRBfclSft^Sfctfx^a] JJW>BW£i8£-r*fc 
yry^<^£fiia«3fcfc£;tS(l5fcTi:. *tf>ft# 

jifcHjrrs^cijvve. ±a«>xAfflrtoi@5<oa 

J&Afcowc. JJJAM3ltoRlfl*Ka t S*i:fc4J:3 

J&&fci5WSIgJIS\ *^iff£<0H£^^2jSi<0» 

a (a) icfci a^fcauE«s«^t±Exx-^s- 

[0 0 13] tana=a/b"- (A) 
[0014] 

iimi xury^-^tiOK^^a^ts^ * 

[0 0 1 5] -eci-C. Cl<0^[5:)¥SHLfc<0*«*%Wr. 
WTfcH4 £#8BLoo. **>ftU8£iti5rtS. ( a ) 
Ht^i-ia^x^^^-yh^^-. A!tft<?i i* 

->x/N±wfc'^ai^ifci5^'c<>. ^-t^o. a** 
omnei t>m-t%&. d^AS«i<9i *$«ktrast 
itmmt&vztnk-r&t. ( b > at^t 

<* 3 fc»?x^#flttfc2X/CV fcfcitf. A 

jfi. BjS, C^fcWSAStft^ftehJI&Sfi**: 
S. -?-c:fA^tfc(tSAIWa<9i -t-afc&O, fx 

#raS-*tf>**§£. tTfcffl££*n:^*B;5u C£t 
*JJt6IS®hj , hi &XVBAt3£VCj}i.<vma<?) 
EE* b im^X ( B ) 5Sfc«k 0 . «IE-f AStflS 

[0016] tana= (hi -ht )/b-.--(B) 



3) #§§¥5-280937 

4 

fiSoT. f x;voA»ffi£afc*tNSW-££i:fcJ:D. ST 
[0017] 

[Hfifeft] HUi*f8^liS0lfe:fflv^ii&xury^ 
/4»g«3. isw^a^r^^xyNes-egts^ 

10 T^&. $^tdiS?59 s *i,nxa-71 OsWBtffi 
a&fc?»*. f x>\*T-v*7fcHg«L JfF$ 

*m^ffist*-csga^-sxx-s^6S5i itmtt> 

[0018] *wmtmmk<DmAizti^\)7-v 
4. asi-^^x/Newaiii^iSssa^- 

£.m»t>tlt:m%r?2^ l/4fcf|«3. W£?4£Z. 

±t*Z£o'yxJ\X7—i'7i±.T£&®Z-<tX. z 
<9j5t=iitt£f x;\i5S£ffl5£r*. £<Di5$fcBfi£*> 
mZbemii. ®2tzjjcf£o%mZ7 : -?kLX7 : - 
9®8£m&Zlt&. £<^3.T-**»*>a3 (a) a 

£-jS8»-Cilbfc ifc. 03 (b)0 

[00l9]<Jcfc. H4fcS^J:afc:, fcfci.fcf. a^S 
U{t£A»fc5^x;N#77-yh«^<DAItft<?i 

%m*3i)t>&®£. ■r-ctca^^n-cv^B^ cjstfc 

*JJt*RSh 2 . hi &£VB&i3£VC)!icr>¥Ma<r> 
40 SK^ b £JHV vt ( B ) J: 0 , «jE^^ A»«S 

[0 020] -eLT. ^f-yWl l<7)|g»lfci 
9. fx/NXr-^7?ra^(t«^$-frS;:fcfc:J:0. 
#fc*ttfc»LT-£<0A«ftJK?r«o^fc^T5. IS 

[0021] =3r*3, AHAS-J^LfcidK^SL-r, 
«Jj^xA6±<0^ISSSra«UT^<^. 

50 



( 

5 

[0022] 

tm 

[H2 ) xmmwitm^tizvjiwnzT-? 
[S3 1 xmmmtzm^ti&VxJwmzmt 



1** 5:7rt-«l* 




) ^^5-280937 

6 

0 

[04] *&BJB!ft£*£SiW-|>0 
[05] t£*^iaHH^&0 



1- 


■■XM 


2- 




3- 


■•l/4»£« 


4- 




5- 




6- 




7- 




8- 




10 





[02] 



ijUBLuuayayauaaaa 


l 
































2 
































3 










-14 


■n 


-18 


-18 


- 














4 








-IS 


14 


IE 


-IB 


•16 


18 














5 








-11 


12 


13 


-16 


■15 


■17 


-s 












HODHffffi SFBBffEDBBBD 


7 






-5 


-a 


-8 


-a 


-11 


-K 


-IS 


■16 












8 






-6 


-i 


-5 


-7 


-f 


-7 


-12 


-16 












g 






-8 


-t 


-c 


-s 


-7 


-f 




ifi 










10 






-8 


-i 


-7 


-3 


H 


-7 


-8 


-16 












11 






-7 


-7 


-6 


-G 


-s 


-7 


-11 


-If 












12 






-5 


~i 


-4 


-5 


-j 


-J 


•11 


-n 


• 










13 






-3 


H 


-A 


-5 


—i 


-« 


-1( 


-IE 












14 






0 


-e 


-s 


-7 


H 


-1 


11 


-n 


- 










DBHDESEEBEESBHH 


16 








-c 


-u 


-* 


_j 


-1 


■u 


12 












17 










-11 






-1 
















18 










-5 


-7 


( 


-t 
















IB 
































SO 

































(5) ^^5-280937 
[03] [H5] 



"Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 05-280937 
(43) Date of publication of application : 29.10.1993 



(51)lnt.CI. 


G01B 11/06 




(21 Application number : 04-081833 
(22)Date of filing : 03.04.1992 


(71) Applicant 

(72) lnventor : 


: SHARP CORP 
KAWAHIRA HIROTOSHI 



(54) MEASURING METHOD OF FILM THICKNESS 

(57)Abstract: 

PURPOSE: To prevent occurrence of an error in 
measurement of a film thickness and to enable execution 
of highly precise measurement by measuring 
unevenness or a curve of a wafer and by correcting 
nonuniformity of an incident angle caused by the 
unevenness or the curve. 

CONSTITUTION: When a height of the surface of a 
wafer 6 is measured, a polarizer 2, a 1/4 wave plate 3 
and an analyzer 4 provided on the optical axis of an 
ellipsometer are made to escape from this optical axis, a 
wafer stage 7 is moved up and down so that the 
reflection intensity of an incident light from a light source 
1 be maximum, and the height of the wafer at that point 
is measured. Then, the stage 7 is tilted by a corrective 

angle (d) determined by tan (d)=a/b by using a difference (a) between the heights of two 
points in the vicinity of the measuring point and a distance (b) between the planes of the two 
points, so that an angle of incidence on a sample from the light source 1 be calibrated. In a 
state wherein this angle of incidence is fixed at any measuring point, a film thickness at a 
prescribed measuring point is measured by the ellipsometer. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The polarizer which changes the light of the ERIPUSO light source into the linearly polarized 
light along an optical-axis top, and the wafer laid on the stage as for which the light carries out 
incidence, In the approach the analyzer which analyzes light the reflected light which reflected the wafer 
measures the thickness of the above-mentioned sample using the ellipsometer which has an analysis 
means for it to be arranged in order and to ask for the thickness of a thin film according to the 
photocurrent of the light which analyzed light About two or more point of measurement within the 
above-mentioned wafer side, vertical migration of the above-mentioned stage is carried out so that the 
reflectivity of the above-mentioned incident light may serve as max. It asks for the elevation in two or 
more above-mentioned point of measurement from the migration length. Only the amendment include 
angle alpha which asked for the thickness in predetermined point of measurement by the following (A) 
type using the distance b between the difference a of the height of two near [ that / predetermined ] the 
point of measurement, and the flat surface of these two points by making the above-mentioned stage 
incline The thickness measurement approach characterized by measuring by the above-mentioned 
ellipsometer in the condition of having proofread to the sample whenever [ incident angle / which carries 
out incidence ], and having set whenever [ this incident angle ] constant from the above-mentioned 
ERIPUSO light source also in any of the above-mentioned point of measurement to it. 
tan alpha=a/b .... (A) 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the measuring method using an ellipsometer 

about the thickness measurement approach. 

[0002] 

[Description of the Prior Art] When light reflects on the surface of a body, the polarization condition of 
light changes before and after reflection. Polarization analysis used this point. That is, an objective 
optical constant and a surface property can be known by measuring change of this polarization 
condition. 

[0003] An ellipsometer is equipment for realizing this polarization analysis. Drawing 5 is the block 
diagram of the equipment used for the conventional example. The wafer stage 57 which lays a slit 58, a 
light chopper 70, the rotatory polarization child 52, the quarter-wave length plate 53, and the wafer 61 
that should measure thickness on the optical axis of the light source 51 is formed, aperture 59, the 
rotation analyzer 54, and a photomultiplier 55 are allotted on the optical axis of the reflected light which 
reflected this wafer 61, and the selection amplifier 60 and an oscilloscope 50 are connected further in 
order. 

[0004] In the conventional ellipsometer by this configuration, the light which passed the slit 58 of the 
light source 51 is first modulated by the light chopper 70, the light which passed the quarter-wave length 
plate 53 to the rotatory polarization child 52 pan changes to the linearly polarized light, and incidence is 
carried out to a wafer 61 . The reflected light of the light which carried out incidence to this wafer 61 
analyzes light with the rotation analyzer 54. Although this light produces a photocurrent when winning 
popularity by the photomultiplier 55, it asks for the include angle of the rotatory polarization child 52 
and the rotation analyzer 54 with which this photocurrent is supervised in an electro nick circuit, and the 
amplitude of the rotational vibration of polarization serves as the minimum. This photocurrent passes 
along the selection amplifier 60, serves as image information, and that wave projects it on an 
oscilloscope 50. 

[0005] By the above configuration and principle, polarization can be hit to a wafer 61, and it can ask for 
the thickness of a thin film according to the reflection coefficient ratio and phase contrast of the 
reflected light. Namely, each reflection factor rp of the oscillating component (p component) of electric 
field parallel to the plane of incidence of the light which carried out incidence by wavelength lambda 
and the incident angle psi, and the perpendicular oscillating component (s component) of electric field 
and rs (1) A formula and (2) It comes to be shown in a formula. 
[0006] 
[Equation 1] 
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rjp+ r 2P e 

(1) 

l + r 1P • r 2 p e 



- a 



r . = (2) 

l + r Js • r zt e 

r 2 : »K-«filBOSWJP 

Here, phase contrast delta is (3) when n is made into a refractive index. It is given by the formula. 
Moreover, a reflection coefficient ratio (rp/rs) is (4). It is given by the formula. 
[0007] 
[Equation 2] 
360 

$ = d (n 2 -sin 2 0) l '* ••••(3) 

A 

[0008] 
[Equation 3] 

r P / r « = t a n 0 e u (4) 

Thus, gains differ of p component and s component, and since phase contrast arises relatively, the 

linearly polarized light is reflected as elliptically polarized light. Therefore, it is the setting angle of a 

polarizer and an analyzer, respectively P0 and AO Then, (4) The relative phase contrast delta shown by 

the formula and the incident angle psi are (5), respectively. It comes to be shown in a formula and (6) 

types. 

[0009] 

[Equation 4] 

A= + 2 P 0 '•••(5) 



0 = Ao ••••(6) 

[0010] 

[Problem(s) to be Solved by the Invention] By the way, with the conventional technique, as an approach 
of measuring the insulator layer of a semi-conductor, for example, an especially thin oxide film, 
although the approach by ellipsometry which was mentioned above had the highest precision and was 
used widely, since irregularity and a camber occurred on a wafer, the actual LSI wafer caused an error at 
the time of measurement under the effect of heat treatment etc. 

[001 1] This is because whenever [ incident angle ] differs in the irregularity and the camber of a wafer, 
in order that measured value may be dependent on the incident angle psi of a wafer. This invention is 
made in view of the above point, and it aims at offering the measuring method of thickness which the 
error of the measured value by the irregularity or the camber of a wafer does not produce. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the measuring method 
of the thickness of this invention The polarizer which changes the light of the ERIPUSO light source 
into the linearly polarized light along an optical-axis top, and the wafer laid on the stage as for which the 
light carries out incidence, In the approach the analyzer which analyzes light the reflected light which 
reflected the wafer measures the thickness of the above-mentioned sample using the ellipsometer which 
has an analysis means for it to be arranged in order and to ask for the thickness of a thin film according 
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to the photocurrent of the light which analyzed light About two or more point of measurement within the 
above-mentioned wafer side, vertical migration of the above-mentioned stage is carried out so that the 
reflectivity of the above-mentioned incident light may serve as max. It asks for the elevation in two or 
more above-mentioned point of measurement from the migration length. Only the amendment include 
angle alpha which asked for the thickness in predetermined point of measurement by the following (A) 
type using the distance b between the difference a of the height of two near [ that / predetermined ] the 
point of measurement, and the flat surface of these two points by making the above-mentioned stage 
incline From the above-mentioned ERIPUSO light source, whenever [ incident angle / which carries out 
incidence to a sample ] is proofread, and it characterizes by measuring by the above-mentioned 
ellipsometer in the condition of having set whenever [ this incident angle ] constant also in any of the 
above-mentioned point of measurement. 
[0013] tan alpha=a/b .... (A) 
[0014] 

[Function] When measuring thickness by the ellipsometer and irregularity and a camber are in the wafer 
which should be measured, dispersion arises in an incident angle and, as a result, an error is produced in 
measured value. 

[0015] Then, this invention canceled this point, and that operation is explained, referring to drawing 4 
below, (a) As shown in drawing, when a wafer is a flat, it is the incident angle theta 1 . In every point of 
measurement on a wafer, it becomes the same, and is the angle of reflection theta 2. It becomes the 
same. This incident angle theta 1 And angle of reflection theta 2 As datum level is shown in the (b) Fig., 
when the wafer is distorted to convex, the incident angle in an A point, a B point, and C point takes a 
different value, respectively. Then, the incident angle in an A point is the incident angle theta 1 in case it 
is set to theta 1+alpha and a wafer is a flat. In order to proofread so that it may become equal, by this 
approach For example, the thickness h2 in the B point and C point which have already been measured 
when searching for the incident angle in an A point and hi And it can ask for alpha whenever [ incident 
angle / which should proofread the distance between the flat surfaces of a B point and C point by the (B) 
type using b ]. 

[0016] tanalpha=(hl-h2)/b .... (B) 

Therefore, when only alpha leans the plane of incidence of a wafer, whenever [ fixed incident angle ] 
can always be maintained to an optical axis, consequently the measurement error of thickness is not 
produced. 
[0017] 

[Example] Drawing 1 is a block diagram of an ellipsometer used for this invention example. The wafer 
stage 7 which lays a polarizer 2, the quarter- wave length plate 3, and the wafer 6 that should measure 
thickness on the optical axis of the light source 1, the analyzer 4 which analyzes light the reflected light 
which reflects this wafer 6, and the photomultiplier 5 are allotted. Furthermore, amplifier 9 and an 
oscilloscope 10 are arranged in order. Moreover, every direction and vertical migration are free for the 
wafer stage 7, and about seven wafer stage is equipped with the stage mechanical component 1 1 which 
drives the wafer stage 7 even in a predetermined location. Furthermore, in order to perform proofreading 
of whenever [ incident angle ], the difference of the height from the datum plane in two or more point of 
measurement within the field of a wafer 6 and predetermined height is detected, and the data division 8 
memorized as height dataware formed. The process which creates this height data is constituted so that it 
may carry out automatically. 

[0018] this invention example is performed using the ellipsometer by the above configuration. The 
approach is explained below. First, the height of the front face of the wafer 6 which should be measured 
is measured. When performing this measurement, the polarizer 2 prepared on the optical axis of this 
ellipsometer, the quarter-wave length plate 3, and an analyzer 4 are missed from this optical axis, the 
wafer stage 7 is moved up and down so that the reflectivity of the incident light from the light source 1 
may serve as the maximum, and the wafer height in that point is measured. Data division 8 are made to 
memorize the difference of this height and predetermined height as height data as shown in drawing 2 . 
From this height data, a continuous line and more than predetermined height are expressed with a 
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broken line, and the drawing 3 (a) Fig. expresses [ the flatness contour line in which the irregularity of a 
wafer 6 is shown ] below predetermined height with an alternate long and short dash line for 
predetermined height. Moreover, the drawing 3 (b) Fig. performs a simulation from these data, and 
expresses the condition of the front face of a wafer in three dimensions. 

[0019] Next, incident angle theta 1 in case a wafer is a flat about the incident angle in an A point as 
mentioned above when proofreading the incident angle in an A point as shown in drawing 4 for 
example, It proofreads so that it may become equal. For example, the thickness h2 in the B point and C 
point which have already been measured when searching for the incident angle in an A point and hi And 
it asks for alpha whenever [ incident angle / which should proofread the distance between the flat 
surfaces of a B point and C point by the (B) type using b ]. 

[0020] And by the drive of the stage mechanical component 11, when only alpha makes the wafer stage 
7 incline, whenever [ fixed incident angle ] can always be maintained to an optical axis, and the error of 
the measured value of thickness can be canceled. 

[0021] in addition, the principle which asks for the thickness of a thin film also in this example as the 
conventional example described although it sets up as the incident angle was mentioned above, and the 
thickness of the point on a wafer 6 is measured one by one - the same - a reflection coefficient ratio 
and phase contrast - since — it asks. 
[0022] 

[Effect of the Invention] Since it was made to measure by the ellipsometry method according to the 
thickness measurement approach of this invention where whenever [ fixed incident angle ] is always 
maintained to an optical axis by measuring the irregularity and the camber of a wafer and amending 
dispersion in the incident angle produced by the irregularity and camber as explained above, the error of 
thickness measurement does not arise and highly precise measurement is attained. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram of an ellipsometer used for this invention example 
[Drawing 2] Drawing showing the height data of the wafer used for this invention example 
[Drawing 3] Drawing showing the front face of the wafer used for this invention example 
[Drawing 4] Drawing explaining this invention example 
[Drawing 5] Drawing explaining the conventional example 
[Description of Notations] 

1 .... Light source 

2 .... Polarizer 

3 .... Quarter- wave length plate 
4 .... Analyzer 

5 .... Photomultiplier 

6 .... Wafer 

7 .... Wafer stage 

8 .... Data division 
10 .... Oscilloscope 
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[Drawing 1] 




Drawing 2] 
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[Drawing 4] 
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[Drawing 3] 
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[Drawing 5] 
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